ABSTRACT
INTRODUCTION
Recently, there has been an increasing shift from radioactive to nonradioactive nucleic acid probes (5, 6) because of greater experimental flexibility afforded by nonradioactive labels and the hazards associated with radioactivity. However, many nonradioactive systems suffer from a drawback common to the radioactive methods in that they require the use of costly enzymes and labeled (deoxy)ribonucleotides. We have developed the FastTag ™Nucleic Acid Labeling System (Vector Laboratories, Burlingame, CA, USA) to provide a rapid method of labeling without enzymes or nucleotides, and it can be scaled up cost effectively. A wide variety of moieties can be attached including fluorochromes, haptens and affinity ligands. In addition, because the labeling involves a highly reactive chemical coupling that reacts with single-or doublestranded DNA, RNA and oligonucleotides, the same reagents are used on all types of nucleic acids. The FastTag system uses the same aryl azide coupling group as PHOTOPROBE ® Biotin (Vector Laboratories) and has similar detection sensitivity; however, it allows the user greater versatility due to the variety of labels available.
Nucleic acid labeling using the FastTag system involves a series of three reactions ( Figure 1) . First, the disulfide-containing universal linker, FastTag Reagent, is photo-or thermoconjugated to the nucleic acid. Second, the disulfide bond in the linker arm is reduced, yielding a thiol. Third, a covalent bond is formed between the thiol and a maleimide-containing hapten, fluorochrome or other moiety. One benefit of the FastTag system is that it provides the ability to aliquot and store nucleic acids after the addition of the linker arm. Unreacted FastTag Reagent is removed by 2-butanol extraction. The nucleic acid is then stored frozen for up to one year (data not shown). Aliquots can then be reacted with a variety of sulfhydryl-reactive compounds depending on the application (Table 1) . In this report, we demonstrate various applications of the FastTag Nucleic Acid Labeling System.
MATERIALS AND METHODS

Nucleic Acid Labeling
Southern hybridization probes. RNA probes were transcribed from Sma I-digested pGEM ® -3Z (Promega, Madison, WI, USA) using the Riboprobe ® In VitroTranscription System (Promega). The DNA template was then removed by RQ1 RNase-Free DNase (Promega) digestion. DNase was heat-inactivated and phenol/chloroform-extracted. Transcripts were precipitated and resuspended in diethyl pyrocarbonate (DEPC)-treated H 2 O. The RNA was then fluoresceinated using 40 µ L of 1 µ g/ µ L FastTag Reagent following the FastTag FL (fluorescein) Kit light-catalysis protocol (15 min on ice with a 160-W mercury vapor lamp positioned 10 cm above the open tube). RNA probes were ethanol (EtOH)-precipitated and resuspended in TE (10 mM Tris, pH 8.0, 1 mM EDTA).
Oligonucleotide PCR primers. PCR primers SAF (5 ′ -GGGAATTCCGACCCCTCCAAGGACTCGAAGGCCCA-G-3 ′ ) and SAR (5 ′ -GGGGTACCTACTGAACGGCGTC -GAGCGG-3 ′ ) were labeled using the FastTag FL Kit in 10.5-µ L reactions containing 63 nmol of each primer, 0.5 µ L 20 × TE and 0.5 µ L of 1 µ g/ µ L FastTag Reagent. Identical labeling reaction mixtures were activated by heat (95°C for 10 min in TE) or light. An unlabeled control underwent identical treatment minus coupling of FastTag Reagent and fluorescein maleimide.
In situ hybridization (ISH) and fluorescence ISH (FISH) probes. Five hundred nanograms of a mixed oligonucleotide cocktail for proinsulin mRNA (NCL-PROINS-U; Novocastra Laboratories, Ltd., Newcastle upon Tyne, England, UK) were labeled with dinitrophenyl (DNP) with the FastTag DNP Kit using 5 µ L of 1 µ g/ µ L FastTag Reagent in a total volume of 55 µ L. Human chromosome 1 pericentromere-specific probe [pUC1.77 (2)] or vector alone (pUC19) was digested to a single-stranded size of 50-200 bases using RQ1 RNase-Free DNase, phenol/chloroform-extracted, EtOH-precipitated and labeled with the FastTag Biotin or FastTag FL kits or by nick-translation (4) using biotin-16-dUTP (Boehringer Mannheim, Indianapolis, IN, USA) or Fluor-12-dUTP (Stratagene, La Jolla, CA, USA). Human chromosome 9-specific probe, pHuR 98 (8), was prepared by polymerase chain reaction (PCR) amplification of the 158-bp insert using pBR322-Pst I sequencing primers (New England Biolabs, Beverly, MA, USA) and labeled using the FastTag FL Kit. Sephadex ® G-25 spin columns (1.0 mL; Pharmacia Biotech, Piscataway, NJ, USA) removed unincorporated label-maleimides.
Southern Blot Hybridizations
A dilution series of Eco RI-digested pGEM-3Z (Promega) was electrophoresed through a 0.9% agarose gel and transferred to nitrocellulose membrane (BA85; Schleicher & Schuell, Keene, NH, USA) by downward capillary transfer according to Zhou et al. (14) . DNA was crosslinked to the membranes with UV light. After prehybridization for 1 h at 42°C (in 45% formamide, 7% sodium dodecyl sulfate [SDS], 0.25 M Na 2 HPO 4 , 1.0 mM EDTA, 0.5 M sonicated salmon sperm DNA), Fl-labeled RNA probes were heated to 65°C for 5 min and then added to the hybridization solution at 50 ng/mL. Hybridization was performed for 18 h at 60°C, stringently washed and blocked with Casein Solution (Vector Laboratories). Blots were incubated in 0.5 µ g Alkaline Phosphatase (AP) Anti-Fl (Vector Laboratories)/mL of Casein Solution, washed and developed for 1 h in 5-bromo-4-chloro-3-indolyl-phosphate/nitro blue tetrazolium (BCIP/NBT; Vector Laboratories).
In Situ Hybridization
Formalin-fixed, paraffin-embedded sections of human pancreas mounted on Vectabond ™-treated slides (Vector Laboratories) were deparaffinized, rehydrated and pretreated with 2-10 µ g/mL of proteinase K in 50 mM Tris, pH 7.6, for 30 min at 37°C. The sections were incubated for 2 h at 37°C in hybridization solution (30% formamide, 0.3 M NaCl, 50 mM Tris, pH 7. Table 1 ).
blocked, and the DNP labels were detected using Anti-DNP AP (Vector Laboratories) and BCIP/NBT. Interphase nuclei and metaphase chromosome spreads were prepared from the Epstein-Barr virus-transformed human lymphoblastoid cell line (JY) according to Watt and Stephen (13) . FastTag-labeled or nick-translated, chromosome-specific probe and target DNA were simultaneously denatured at 75°C for 8 min and hybridized at 37°C for 16 h at 0.5-2 ng probe/ µ L of hybridization solution (55% formamide, 10% dextran sulfate and 1 × standard saline citrate [SSC]) (9) . Following hybridization, slides were washed and then blocked. For bright-field microscopy, biotin-labeled probes were detected using VECTASTAIN ® Elite ABC and Peroxidase Substrate, tetramethylbenzidine (TMB) (Vector Laboratories). For FISH, Fl-labeled probes were detected using Biotinylated Anti-Fl/Fl Avidin (Av) DCS (Vector Laboratories). Biotin-labeled probes were detected using Texas Red ® (Molecular Probes, Eugene, OR, USA) Av DCS/Biotinylated AntiAv D/Texas Red Av DCS (Vector Laboratories). For doublelabel FISH, biotin-and Fl-labeled probes were hybridized simultaneously and detected sequentially as described above using an avidin/biotin block between detection systems.
PCR
PCR mixtures contained 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 200 µ M each dNTP, 1.5 mM MgCl 2 , 13 nmol each Fllabeled SAF and SAR, 10 ng Streptomyces avidinii (Catalog No. 27419; ATCC, Rockville, MD, USA) genomic DNA and 1.3 U Taq DNA Polymerase (Promega). The temperature profile consisted of an initial denaturation at 95°C for 20 s preceding 28 cycles of 95°C for 30 s, 55°C for 30 s and 72°C for 30 s, followed by a final extension step at 72°C for 5 min. Following PCR, samples were phenol-extracted, EtOH-precipitated and dissolved in 20 µ L TE. Amplified DNA was electrophoresed, blotted to nitrocellulose and detected with AP Anti-Fl and AP substrate, BCIP/NBT as described for Southern blotting.
RESULTS AND DISCUSSION
The FastTag Reagent contains an aryl azide moiety, which is activated to form highly reactive aryl nitrene and ketenimine intermediates. The aryl nitrene inserts into a number of different types of chemical bonds (12) , making it possible to label any class of nucleic acid. Previously, aryl azide-containing agents such as PHOTOPROBE Biotin have been activated by irradiation with a mercury vapor bulb (7, 11) ; however, to provide greater flexibility, we have developed protocols for activation with a handheld UV lamp ( λ = 366 nm, 115 V, 0.16 A) or heat. To demonstrate that labeling by heat and light are functionally equivalent, we labeled Hin dIII-digested λ DNA and oligonucleotides using heat and light (160-W mercury vapor bulb) activation and subsequently used these DNAs as Southern hybridization probes and PCR primers, respectively. In Southern hybridizations, λDNA probes labeled by either heat or light activation resulted in identical detection sensitivities (not shown). PCR primers fluoresceinated by light or heat activation yielded comparable amplification ( Figure 2A ) and were immunologically detectable ( Figure 2B ). These results indicate that either activation method can be used for nucleic acid labeling. Note that the heating protocol denatures most double-stranded nucleic acids. Thus, for applications where duplex DNA or RNA may be required (e.g., double-stranded size markers [ Figure 2B , lane 1] or nucleic acid/protein binding studies), we recommend the light coupling protocol. Many nucleic acid labeling systems utilize enzymes to incorporate the label into the probe nucleic acid. As a result, a separate enzyme system and nucleotide analogs must be purchased for each type of nucleic acid. The FastTag labeling system's aryl nitrene couples to either single-or doublestranded DNA, RNA or oligonucleotides. To demonstrate RNA labeling using the system, we transcribed and fluoresceinated a portion of the pGEM-3Z vector. The transcript was hybridized to pGEM-3Z DNA on a Southern blot and detected using Anti-Fl AP and BCIP/NBT. The hybridized riboprobe yielded a detection sensitivity of 0.04 pg (Figure 3) , while riboprobes treated with ribonuclease A before hybridization were not detectable (not shown).
Labeling of synthetic oligodeoxyribonucleotides by conventional methods suffers from several drawbacks. First, enzyme-catalyzed labeling is limited to the 5 ′ and 3 ′ ends since most oligonucleotides are too small to be effective templates for random priming and, second, ssDNA is not a suitable Figure 3 . Southern hybridization analysis using RNA probes labeled with the FastTag FL system. In vitro transcripts generated by SP6 transcription of Sma I-digested pGEM-3Z were fluoresceinated using the FastTag FL system and used to probe Eco RI-digested pGEM-3Z DNA blotted to nitrocellulose by Southern transfer. Probes were detected using Anti-Fl AP and BCIP/NBT. Lanes 1-5 contain 500, 50, 5, 0.5 and 0.05 pg of DNA, respectively.
template for nick translation. 5 ′ -end-labeling with polynucleotide kinase is recommended only for applications where high specific activity is not needed because only one label is incorporated per molecule. On the other hand, 3 ′ -end-labeling of oligonucleotides using terminal deoxynucleotidyl transferase (TdT) can generate higher specific activity probes, but leads to an indeterminate number of labeled nucleotides at the 3 ′ end. Such probes can be problematic because of altered hybridization specificity. Alternatively, labels can be incorporated directly into the oligonucleotide during synthesis, but this increases cost and is limited by availability of phosphoramidite labels.
The FastTag system is particularly well-suited for oligonucleotide labeling since the labels are incorporated randomly along the length of the oligonucleotide. Because labeling is performed post-synthetically, existing oligonucleotides can be labeled without enzymatic modifications such as 5 ′ phosphorylation or 3 ′ tailing. PCR and ISH demonstrate the utility of oligonucleotides labeled with the FastTag system. PCR primers corresponding to a portion of the streptavidin gene (1) from S. avidinii were labeled with the FastTag FL Kit and used to amplify the intervening 480-bp fragment ( Figure 3A ). These labeled oligonucleotides primed a similar level of amplification as unlabeled primers (Figure 2A) . Also, the banding pattern for electrophoresed PCR products primed from labeled and unlabeled primers was identical as seen by ethidium bromide staining (Figure 2A ) or immunological detection of the amplification product ( Figure 2B ). In addition, an oligonucleotide probe was labeled with the FastTag DNP Kit and used to detect proinsulin mRNA by ISH in human pancreatic tissue sections (Figure 4a ). The staining pattern following immunological detection was identical to that observed using the same oligonucleotide cocktail tailed with Fl-12-dUTP using TdT (not shown). Omitting the FastTag-labeled probe abolished staining.
The wide variety of fluorochromes and haptens (Table 1) give the FastTag system great flexibility for ISH applications. For example, pUC1.77 biotinylated or fluoresceinated using the FastTag system or nick-translation, each revealed discrete hybridization around the centromere of chromosomes 1 (Figure 4, b and c) . No signal was detected in the FastTag-labeled or nick-translated negative control (pUC19) representing only vector sequence. To further demonstrate the versatility of the FastTag system for FISH applications, we hybridized simultaneously pUC1.77 and pHuR 98 labeled with the FastTag Biotin and FastTag FL Kits, respectively, (Figure 4d ). Reversing the detection systems or omitting either probe from the double-label protocol gave the appropriate hybridization pattern.
In several applications, such as genomic/cDNA subtraction and non-isotopic cloning by hybrid capture, it is desirable to remove or immobilize a nucleic acid hybrid using an affinity matrix. These techniques have traditionally used biotinylated probes and an immobilized form of streptavidin. A disadvantage of streptavidin-based affinity chromatography is that protein-denaturing conditions are required to elute biotinylated probes (3, 10) . To overcome this problem, we developed VECTREX ® AAL, an affinity chromatography system in which Aleuria aurantialectin is coupled to a polymeric support. Nucleic acids labeled with the FastTag Fucose System bind specifically to VECTREX AAL under many different conditions and are easily eluted using L-fucose at physiological pH and salt concentrations (data not shown). When the intact hybrid or complex is needed, this system can be 488BioTechniques
Vol. 24, No. 3 (1998) used to purify or isolate nucleic acid hybrids or nucleic acid/protein complexes, which would be disrupted under the harsh conditions required for elution from streptavidin/biotinbased affinity matrices. The VECTREX AAL matrix is suitable for column-or centrifugation-based procedures. The FastTag Nucleic Acid Labeling System is a versatile, non-isotopic, nonenzymatic system for attaching haptens, ligands, fluorochromes or other moieties to any form of DNA, RNA or oligonucleotide.
